Abstract Seven charge-coupled device (CCD) photometric times of light minimum of the overcontact binary BS Cas which were obtained from 2007 August to November and one CCD light curve in the R band which was observed on 2007 September 24 and October 15, are presented. It is found that the light curve of BS Cas has characteristics like a typical EW-type light variation. The light curve obtained by us is symmetric and shows total eclipses, which is very useful for determining photometric parameters with high precision. Photometric solutions were derived by using the 2003 version of the Wilson-Devinney code. It shows that BS Cas is a W-subtype overcontact binary (f = 27.5% ± 0.4%) with a mass ratio of q = 2.7188 ± 0.0040. The temperature difference between the two components is 190 K. Analysis of the O-C curve suggests that the period of AE Phe shows a long-term continuous decrease at a rate of dP/dt = −2.45×10 −7 d yr −1 . The long-time period decrease can be explained by mass transfer from the primary to the secondary.
INTRODUCTION
The variability of BS Cassiopeiae (= GSC 03682-01152, α 2000.0 = 01 h 21 m 38.6 s and δ 2000.0 = +59
• 10 26.9 ) was first revealed by Beljawsky (1931) . He first gave the coordinates of BS Cas from photographic observations. BS Cas is an EW-type eclipsing binary with a spectrum of A-F, a period of 0.4404832 d and a magnitude varying in the V -band from 12.2 m to 12.6 m according to the fourth edition of the General Catalogue of Variable Stars (GCVS; Kholopov et al. 1987) . Later, Pribulla et al. (2003) (Wilson & Devinney 1971; Wilson 1990 Wilson , 1994 Wilson & Van Hamme 2003) , they analyzed the asymmetric light curves and published the first photometric parameters of BS Cas. The aforementioned photometric solutions obtained by Y08 may be not accurate because of asymmetries and the variability of the light curves. A better light curve should be obtained and the photometric solutions of BS Cas should be revised.
PHOTOMETRIC OBSERVATIONS
The observations of BS Cas were carried out on 2007 August 22 and 26, September 13 and 24, October 15 and November 19 in the V , R, and I bands at Ondŕejov Observatory. One of the two available CCD cameras (SBIG ST-8 or Apogee AP-7) was used, while SBIG ST-10XME and ST-7 CCD cameras were employed at the Ç OMÜ and Brno Observatories, respectively. The variable star, the comparison star and the check star were kept on the same pixels of the frame throughout the observing run and their coordinates are listed in Table 1 . The integration time for each image was 60 s. CCD frames were mostly reduced by the C-MuniPack code (Motl 2007) , a well-known adaptation of the MuniPack code (Hroch 1998) , based on DaoPhot routines (Stetson 1987 (Stetson , 1991 . All frames were darkframe and flat-field corrected first before we applied the frames to further reduction steps. Seven epochs of times of light minimum were determined by the Kwee-van Woerden method using the AVE program (Barberá 1999 ) and these are listed in Table 2 . Though we observed BS Cas in the V , R, and I bands for 6 nights from August to November in 2007, we obtained just one complete light curve in the R band. The CCD observations and the light curve data obtained on 2007 September 24 and October 15 in the R band, which can make up a complete light curve, are listed in Table 3 and shown in Figure 1 , respectively. The magnitude differences of the comparison star and check star are also shown in the lower panel of Figure 1 
where the time of the light minimum is obtained by us and the period is obtained by Y08, which are shown in Figure 2 with open circles. As seen in the figure, the light curve obtained on 2007 September 24 and that obtained on October 15 in the R band can be joined well. Our light curve of BS Cas is symmetric and shows total eclipses, which is very useful for determining photometric parameters with high precision. 
PHOTOMETRIC ANALYSIS
There are no spectroscopic observations of BS Cas. In order to obtain photometric solutions and understand the evolutionary state of the binary system, we analyze the complete R band light curve with the fourth version of the W-D code. The temperature of star 1 (star eclipsed at primary light minimum) was chosen as T 1 = 6250 K according to the J − H = 0.276 and H − K = 0.088 of BS Cas from the CDS 1 . As shown in Figure 2 , the light curves are of a typical EW type where the depths of both minima are nearly the same, indicating that the temperature of both components is nearly the same. Therefore, we take the same values of the gravity-darkening coefficients and the bolometric albedo for both components, i.e., g 1 = g 2 = 0.32 (Lucy 1967) and A 1 = A 2 = 0.5 (Ruciński 1969) . The limb-darkening coefficients were used according to Claret & Gimenez (1990) . The adjustable parameters were: the orbital inclination i; the mean temperature of star 2, T 2 ; the monochromatic luminosity of star 1, L 1R , and the dimensionless potential of star 1 (Ω 1 = Ω 2 , mode 3 for overcontact configuration). A q-search method was used to determine the mass ratio of the system. Solutions were carried out for a series of values of the mass ratio. For each value of q, the calculation started at mode 2 (detached mode) and we found that the solutions usually converged to mode 3 (overcontact configuration). The relation between the resulting sum sigma of weighted square deviations and q is plotted in Figure 3 .
A minimum value was obtained at q = 2.71. Therefore, we chose the initial value of q as 2.71 and set it as an adjustable parameter. Then we performed a differential correction until it converged and final solutions were derived. The solution converged at q = 2.7188(±0.0040). The photometric solutions are listed in Table 4 and the theoretical light curve, computed with those photometric parameters, is plotted in Figure 2 . The solution reveals that BS Cas is a W-subtype contact binary system with a degree of overcontact of f = 27.5%(±0.4%).
DISCUSSION AND CONCLUSIONS
Comparing the light curve in the R band obtained by us with that by Y08, we found that the light curve of BS Cas shows many changes between the four months from 2007 September 24 to 2008 January 23. The main photometric parameters of the light curves of BS Cas obtained by us and Y08 are listed in Table 5 . The light curve of BS Cas obtained by us shows symmetry and does not show an O'Connell effect. However, the light curve of Y08 presented a typical O'Connell effect with Max.II -Max.I= 0.04 m for the R band. From Figure 1 , we cannot see an obvious discrepancy between the Max.I and Max.II. The first minimum is almost equal to the secondary minimum, which means that almost equal temperatures of the two components were obtained on 2007 October 15 (see Fig. 1 ). However, the light curves obtained by Y08 showed Min.I -Min.II= 0.10 m for the R band. This may indicate that BS Cas is a strong active binary system with hot or dark spots.
We present 7 new times of light minimum of BS Cas and add them to calculate the period change, with the result that the period of BS Cas shows a long-term orbital decrease at a rate of dP/dt = −2.45 × 10 −7 d yr −1 . This is the same as Y08. This can be seen more clearly from Figure 4 . The long-term orbital period decrease suggests that BS Cas is undergoing mass transfer from the primary to the secondary. With the mass transfer and accompanying angular momentum loss, BS Cas will evolve into a deeper contact configuration.
As discussed in Section 3, the presented solutions are more reliable than those determined by Y08 because our solutions were based on the light curves being symmetric and showing total eclipses. The situation of BS Cas resembles those of RZ Com (He & Qian 2008) , AD Cnc (Qian et al. 2007 ) and AE Phe (He et al. 2009 ). There are two minima in Figure 3 . One is q = M 2 /M 1 = 0.37 consistency of the two values indicates that our q-search method is credible. The σ = 0.00066 for q = M 2 /M 1 = 2.71 is less than σ = 0.00071 for q = M 2 /M 1 = 0.37. We can conclude that BS Cas is more like a W-subtype contact binary rather than an A-subtype one. For the advantage of comparing the photometric solutions from us and Y08, we also list the solutions obtained by Y08 in the third and fourth columns in Table 4 for unspotted and spotted solutions. Our solutions based on the photometric R band light curve analyzed by the W-D code indicate that BS Cas could be a W-subtype contact binary with a mass ratio of q = M 2 /M 1 = 2.7188(±0.0040) (or q = M 1 /M 2 = 0.3678(±0.0296)). The mass ratio obtained by us is higher than the value q = M 1 /M 2 = 0.2825(±0.0016) for the unspotted solutions or the value q = M 1 /M 2 = 0.2834(±0.0010) for the spotted solutions obtained by Y08. The degree of geometrical contact, defined by f = (Ω in − Ω)/(Ω in − Ω out ), is 27.5%(±0.4%). The degree of contact 27.5%(±0.4%) is less than 33.9%(±1.8%) for the unspotted solutions or 31.6%(±1.1%) for the spotted solutions obtained by Y08. However, this paper and Y08 only present photometric solutions of this contact binary system; to further understand the properties of the strong active binary and its associated physical parameters, spectroscopic and photometric observations are needed.
